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METHOD OF PRODUCING A SHEET STEEL
PRODUCT SUCH AS A MOTOR VEHICLE
BUMPER BEAM IN A PROGRESSIVE DIE

SYSTEM

CONTINUING APPLICATTON DATA

This application 1s a Continuation-In-Part application of
International Application No. PCT/SE98/01354, filed on Jul.
9, 1998, which claims priority from Swedish Patent Appli-

cation No. 9702878-1, filed on Aug. 7, 1997. International
Application No. PCT/SE98/01354 was pending as of the
filing date of the present U.S. application, and the U.S. was

an clected state in the International Application No. PCT/
SE98/01354.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method of producing a
sheet steel product, for example, a beam, 1n a press process
in which a blank 1s stamped.

2. Background Information

A method for producing steel products 1s described in GB
149035-A. An 1important advantage of the process 1s that
sheet steel products of complicated form can be produced
and, despite the complicated form, can have narrow toler-
ances 1n form and size.

Conventionally, in order to have a still higher accuracy on
certain parts, for example, guiding holes and the like, a
machining operation, for example, punching of holes, is
carried out on the finished product. This machining opera-
fion causes high wear on the tools and might cause a
reduction 1n the fatigue strength.

OBJECT OF THE INVENTION

It may be an object of the present invention to provide, in
an essenfially simple and cost-effective way, holes that have
an essentially high accuracy 1n size and in position 1n the
finished product. According to the imvention, these holes
may be finished by the collaring of pre-made holes directly
In a press.

SUMMARY OF THE INVENTION

One feature of the present invention resides broadly 1n a
method of producing a motor vehicle bumper beam from
sheet steel using a progressive die system, said method
comprising the steps of forming a sheet metal blank from
sheet steel to form a bumper beam; punching, with a
plurality of punches, a plurality of holes 1n the sheet metal
blank, of a predetermined size and configuration, for a
plurality of collared holes to be formed 1n the sheet metal
blank; moving the sheet metal blank to at least one stamping,
machine having a pair of dies configured to stamp the sheet
metal blank and form a motor vehicle bumper beam; placing
the sheet metal blank between the pair of dies configured to
hold the sheet metal blank and configured to collar holes 1n
the sheet metal blank; stamping the sheet metal blank;
collaring the plurality of holes in the sheet metal blank and
forming the motor vehicle bumper beam; and holding the
formed motor vehicle bumper beam for a predetermined
period of time between the pair of dies configured to form
the motor vehicle bumper beam.

The above-discussed embodiments of the present inven-
tion will be described turther hereinbelow with reference to

the accompanying figures. When the word “invention” 1s

10

15

20

25

30

35

40

45

50

55

60

65

2

used 1n this specification, the word “invention” 1includes
“mnventions”, that 1s, the plural of “mvention”. By stating
“imnvention”, the Applicant does not 1n any way admat that
the present application does not iclude more than one
patentably and non-obviously distinct invention, and main-
tains that this application may include more than one pat-
entably and non-obviously distinct invention. The Applicant

hereby asserts that the disclosure of this application may
include more than one 1invention, and, in the event that there
1s more than one invention, that these inventions may be
patentable and non-obvious one with respect to the other.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described in more detail with
reference to the accompanying drawings which, as an
example only, show a bumper beam produced 1n accordance
with the mvention.

FIG. 1 shows the bumper beam 1n a perspective view;

FIG. 2 shows the bumper beam 1n a front plan views;

FIGS. 3 and 4 show enlarged two guiding holes 1n the
bumper beam;

FIGS. 5 and 6 show the guiding holes of FIGS. 3 and 4

as they looked in the flat blank before the stamping of the
blank 1nto the beam:;

FIG. 7 shows a mandrel while collaring the pre-made hole
shown 1n FIG. 5 mto the hole shown 1n FIG. 3; and

FIG. 8 shows a mandrel for collaring the hole shown 1n
FIG. 6 1nto the hole shown in FIG. 4.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The bumper beam or sheet metal product 11 shown 1n
FIGS. 1 and 2 may be made of sheet steel, for example, a
boron steel. In principle, the bumper beam or sheet metal
product 11 shown in FIG. 11 consists of a bow-formed
U-profile, or a so-called hat profile, with side flanges. The
beam 11 can be provided with a front cover welded to the
side flanges. A hard foam can be fixed to the cover.

In other words, the present invention 1s not limited to the
production of bumper beams or other beams but can also be
used for the production of other sheet steel products.

For making the bumper beam 11, one may start with an
essentially flat sheet steel blank with a desired number of
slots and holes. The tolerances 1n position and size of the
holes and slots achieved 1n the finished beam may usually be
sufficient. For some holes, an improved accuracy may be
necessary. In FIG. 1, which 1s a perspective view seen from
behind, two guiding holes 12, 13 are shown as examples of
such holes. They may be used to guide the bumper beam
when the beam 1s being mounted on a vehicle such as a
passenger car.

FIG. 2, which 1s a front plan view of the bumper beam,
shows these guiding holes 12, 13 as well. FIG. 3 shows the
cuiding hole 12 enlarged and FIG. 4 shows the guiding hole
13 enlarged.

The holes 12, 13 may be collared to their final shape 1n
connection with the stamping of the blank into the finished
beam 11. The hole 12 may be collared from an essentially
circular hole with a diameter that can be approximately 40
to approximately 60 percent, for example, of the final
diameter. In the blank, the hole 13 has the dog-bone-like
shape shown in FIG. 6. The length of the hole 13 essentially
will not change by the collaring; the central flaps 16, 17 may
only be bent.
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In other words, the hole 13 before and after collaring may
have a length essentially greater than its width. The collaring
process of the hole 13 may consist 1n bending the flaps 16,
17, which may be parallel sides, generally away from the
center of the hole 13.

FIG. 7 shows a round mandrel 18 used for collaring the
circular hole 12 and also the pair of tools 20, 21 for stamping
the blank into the beam 11. The mandrel 18 1n FIG. 7 guided
in the upper tool 21. FIG. 8 shows a corresponding rectan-
oular mandrel 22 used to collar the central part of the hole

13 as described.

In other words, 1n at least one possible embodiment of the
present invention, at least one of a round mandrel 18 or a
rectangular mandrel 22 may be used to collar at least one of

the holes 12, 13.

One possible process of making the finished beam 11
from the blank will now be described. The blank may be
moved 1nto position on the lower tool 20, and the upper tool
21 may stamp the blank, which may thus be formed between
the tools or dies 20, 21. Thus the tools 20, 21 may act as
fixtures for the blank or beam 11. The mandrel 18 and the

mandrel 22 may move downward and make collars on the
holes 12, 13 1n the blank or beam 11 while 1t 1s being held

in the dies 20, 21 or during the stamping of the blank or
beam 11.

The device for moving the mandrels 18, 22 up and down
1s not shown because 1t 1s conventional. The mandrels 18, 22
can alternatively be guided by the lower tool 20 instead of
by the upper tool 21. As an alternative to movable mandrels

18, 22, the mandrels 18, 22 can be fixed to the upper
movable tool 21.

Horizontally, the mandrel 22 may be shorter than the
length of the original hole 13 1n the blank, which may allow
the beam to shrink somewhat. Since the longish hole 13 may
be directed along a radius from the hole 12, the forces from
the shrinking will essentially not be hazardous to the man-

drels 18, 22.

By making one guiding hole 12 essentially circular, it may
have essentially narrow tolerance 1n all directions. By hav-
ing the longish hole 13 directed along a radius from the
circular hole 12 as shown, the longish hole 13 may have
essentially narrow tolerance only transverse to the beam. By
using the two guiding holes 12, 13 when mounting the
bumper beam 11 on the vehicle, the tolerances of the
mounting may be essentially tight.

The 1nvention 1s not limited to the production of bumper
beams or other beams but can be used also for the production
of other sheet steel products. In other words, 1n at least one
possible embodiment of the present invention, the two
ouiding holes 12, 13 may be used to guide a sheet steel
product other than a motor vehicle bumper beam.

In other words, 1n one possible embodiment of the present
invention, the steel blank may have a thickness within the
range of approximately 0.030 inches to approximately 0.070
inches.

In another possible embodiment of the present invention,
the steel blank may have a thickness within the range of
approximately 0.020 inches to approximately 0.120 inches.

The present invention may relate to a method of produc-
ing a hardened sheet steel product, for example, a beam, in
a press hardening process 1in which a blank is hot stamped
and the stamped product 1s hardened while remaining in the
pair of stamping tools.

A method for producing hardened steel products i1s
described in GB 149035-A and referred to as press harden-
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ing. An important advantage of the process 1s that hardened
sheet steel products of complicated form can be produced
and, despite the complicated form, can have narrow toler-
ances 1n form and size.

Conventionally, 1n order to have a still higher accuracy on
certain parts, for example, guiding holes and the like, a
machining operation, for example, punching of holes, is
carried out on the finished product. This machining opera-
fion causes high wear on the tools and might cause a
reduction 1n the fatigue strength.

It may be an object of the mvention to provide, m an
essentially simple and cost-effective way, holes that have an
essentially high accuracy in size and in position in the
finished product. According to the present invention, these
holes may be finished by the collaring of pre-made holes
directly in the press hardening operation and before the
hardening.

Another possible process of making the finished beam 11
from the blank will now be described. At first, the blank may
be usually heated 1n a furnace to a temperature at which 1t
1s Tully or partly austenitic, that 1s, usually to a temperature
approximately above Ac3. Then, the hot blank may be
moved 1nto position on the lower tool 20, and the upper tool
21 may stamp the blank, which may thus be formed between
the tools or dies 20, 21. The tools 20, 21 may be essentially
cold and may be cooled essentially continuously so that the
beam 11 may be essentially rapidly cooled from the tem-
perature approximately above Ac3. The beam or sheet metal
blank or product 11 essentially hardens while being clamped
between the tools 20, 21. Thus the tools 20, 21 may act as
a fixture during the hardening. The mandrel 18 and the
mandrel 22 may move downward and make collars on the
holes 12, 13 1n the hot blank or hot beam 11 or during the
stamping. The mandrels 18, 22 will cool the collars so that
they too will harden. The Collars may harden more or less
but may be essentially formed before they harden. Typically,
a product of boron steel may have a yield strength of 1300
Mpa, and the collars may have somewhat lower strength.
The weldability may be essentially very good despite the
essentially high strength.

Horizontally, the mandrel 22 may be shorter than the
length of the original hole 13 1n the blank, which may allow
the beam to shrink somewhat during 1ts cooling. Since the
longish hole 13 may be directed along a radius from the hole
12, the forces from the shrinking will essentially not be
hazardous to the mandrels 18, 22.

In other words, the bumper beam or sheet metal product
11 shown 1n FIGS. 1 and 2 1s made of hardenable sheet steel,
for example, a boron steel. It may be possible that several
different compositions of steel may be suitable for use in at
least one possible embodiment of the present invention. One
example of a steel that may be used 1n at least one possible
embodiment of the present invention may have the follow-
ing composition: approximately 0.05 percent to approxi-
mately 0.15 percent carbon; approximately less than 1.0
percent silicon; approximately 2.0 percent or less manga-
nese; approximately 0.04 percent or less phosphorus;
approximately 0.01 percent or less sulfur; approximately 20
to approximately 30 percent chromium; approximately 10 to
approximately 15 percent nickel; approximately 0.10 to 0.30
percent nitrogen; approximately 0.0010 percent to 0.01
percent boron; at least one of lanthanum or cesium for a total
amount, of at least one of lanthanum or cesium, of approxi-
mately 0.01 percent to 0.10 percent; approximately 0.01
percent to 0.20 percent aluminum; and a balance of 1ron and
incidental or unavoidable 1impurities. Some possible advan-
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tages of this first example of a possible steel may include
suitability for working at essentially high temperatures and
essentially good weldability.

A second example of a steel that may be used 1n at least
one possible embodiment of the present invention may have
the following composition: approximately 0.5 or less weight
percent silicon; approximately 1.0 or less weight percent
manganese; approximately 13 weight percent to approxi-
mately 18 weight percent chromium; approximately 30

welght percent to approximately 50 weight percent of
molybdenum and tungsten combined; approximately 0.1
welght percent to approximately 0.8 weight percent niobium
and vanadium combined; approximately 0.01 weight percent
to approximately 0.2 weight percent nitrogen; and the bal-
ance or residual consisting of 1ron and unavoidable or
incidental 1mpurities.

A third example of a steel that may be used 1n at least one
possible embodiment of the present invention may have the
following composition: approximately 0.15 percent to
approximately 0.30 percent carbon; approximately 1.0 per-
cent to approximately 1.50 percent manganese; and approxi-
mately 0.010 percent to approximately 0.030 percent colum-
bium. This third example of a possible steel may provide
essentially low hardenability and high strength, which may
both be essentially suitable characteristics of steel intended
for use 1n the manufacture of bumper beams and other sheet
steel products.

Afourth example of a steel that may be used 1n at least one
possible embodiment of the present invention may have the
following composition: approximately 0.05 percent to
approximately 0.15 percent carbon; approximately 0.5 per-
cent or less silicon; approximately 0.05 percent to approxi-
mately 0.50 percent manganese; approximately 17 percent
to approximately 25 percent chromium; approximately 7
percent to approximately 20 percent nickel; approximately
2.0 percent to approximately 4.5 percent copper; approxi-
mately 0.10 percent to approximately 0.80 percent niobium;
approximately 0.001 percent to approximately 0.010 percent
boron; approximately 0.05 percent to approximately 0.25
percent nitrogen; approximately 0.003 percent to approxi-
mately 0.030 percent sol.aluminum; approximately O per-
cent to approximately 0.015 percent magnesium; and the
balance being 1ron and 1ncidental or unavoidable impurities.
This fourth example of a steel may also include approxi-
mately 0.3 percent to approximately 2.0 percent
molybdenum, approximately 0.5 percent to approximately
4.0 percent tungsten, or a combination of both approxi-
mately 0.3 percent to approximately 2.0 percent molybde-
num and approximately 0.5 percent to approximately 4.0
percent tungsten. One possible advantage of this fourth
example of a steel may be essentially high strength at
essentially high temperatures.

A fifth example of a steel that may be used 1n at least one
possible embodiment of the present invention has the fol-
lowing composition: approximately less than 0.07 weight
percent carbon; approximately less than 1.0 weight percent
silicon; approximately less than 2.0 weight percent manga-
nese; approximately 16 weight percent to approximately 18
welght percent chromium; approximately 6.0 weight percent
to approximately 8.0 weight percent nickel; approximately
less than 0.005 weight percent aluminum; approximately
less than 0.05 weight percent phosphorus; approximately
less than 0.005 weight percent sulfur; approximately less
than 0.03 weight percent titanium; approximately less than
0.003 weight percent boron; approximately less than 3.0
welght percent copper; approximately less than 0.3 weight
percent molybdenum; approximately less than 0.1 weight

10

15

20

25

30

35

40

45

50

55

60

65

6

percent niobium; approximately less than 0.45 weight per-
cent nitrogen; and the balance being iron and other
indispensable, unavoidable, or incidental impurities. Some
possible advantages of this fifth example of a steel may
include an essentially lower cost than a steel containing
relatively higher weight percents of nickel, essentially supe-
rior press-formability, and essentially high durability at
essentially high temperatures.

In one possible embodiment of the present invention, the
sheet steel blank, the sheet steel product, or the sheet steel
blank and the sheet steel product may be heated to a
temperature within the range of approximately 1500 degrees
Fahrenheit to approximately 2000 degrees Fahrenheit, at a
rate of approximately 1000 degrees Fahrenheit per second,
for approximately two seconds.

In another possible embodiment of the present invention,
the sheet steel blank, the sheet steel product, or the sheet
steel blank and the sheet steel product may be heated to a
temperature within the range of approximately 780 degrees

Celsius to approximately 840 degrees Celsius.

In yet another possible embodiment of the present
invention, the sheet steel blank, the sheet steel product, or
the sheet steel blank and the sheet steel product may be
heated to a temperature of approximately 950 degrees Cel-
sius for a time period within the range of approximately 10
seconds to approximately 10 minutes.

In still another possible embodiment of the present
invention, the sheet steel blank, the sheet steel product, or
the sheet steel blank and the sheet steel product may be
heated to a temperature within the range of approximately
850 degrees Celsius to approximately 1050 degrees Celsius
for a period of approximately 2 seconds or longer.

In a further possible embodiment of the present invention,
the sheet steel blank, the sheet steel product, or the sheet
steel blank and the sheet steel product may be heated to a
temperature within the range of approximately 1100 degrees
Celsius to approximately 1250 degrees Celsius.

In other words, the steel used to form the sheet steel blank,
or the steel used to form the sheet steel product, in one
possible embodiment of the present invention, may have a
yield strength within the range of approximately 50,000
pounds of force per square inch to approximately 60,000
pounds of force per square inch.

In another possible embodiment of the present invention,
the steel used to form the sheet steel product, or the steel
used to form the sheet steel blank, may have a yield strength
within the range of approximately 40,000 pounds of force
per square 1nch to approximately 80,000 pounds of force per
square 1nch, or substantially greater, which yield strength
may essentially prevent the sheet steel product from buck-
ling or cracking.

In yet another possible embodiment of the present
invention, the cooling or decrease 1n temperature of the sheet
metal product, the sheet metal blank, or the sheet metal
product and the sheet metal blank may occur at a rate of
approximately 1000 degrees Fahrenheit per second.

In other words, 1n at least one possible embodiment of the
present invention, the cooling or decrease 1n temperature of
the sheet metal product, the sheet metal blank, or the sheet
metal product and the sheet metal blank may occur at a rate
that will cause the sheet metal product, the sheet metal
blank, or the sheet metal product to become martensitic or
to develop a hard martensitic microstructure. For example,
the cooling or decrease in temperature of the sheet metal
product, the sheet metal blank, or the sheet metal product
and the sheet metal blank may occur at a rate of approxi-
mately 1000 degrees Fahrenheit per second.
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In still another possible embodiment of the present
invention, the cooling or decrease 1 temperature of the sheet
metal product, the sheet metal blank, or the sheet metal
product and the sheet metal blank may occur according to at
least one of the following: a cooling rate of approximately
less than 100 degrees Celsius per second; a cooling rate
within the range of approximately 5 degrees Celsius per
minute to approximately 100 degrees Celsius per minute;
cooling such that the temperature 1s either maintained, for at
least approximately 30 seconds, within the range of approxi-
mately 550 degrees Celsius to approximately 350 degrees
Celsius or slowly decreased at a rate of approximately 400
degrees Celsius or less per minute within the range of
approximately 550 degrees Celsius to approximately 350
degrees Celsius.

In a further possible embodiment of the present invention,
the cooling or decrease in temperature of the sheet metal
product, the sheet metal blank, or the sheet metal product
and the sheet metal blank may occur within the range of
approximately 30 degrees or more per second.

In one possible embodiment of the present invention,
holes, for example, circular holes, dog-bone-like holes, or
circular holes and dog-bone-like holes may be formed 1n a
sheet steel blank before the blank 1s stamped 1nto a beam or
other sheet metal product.

In another possible embodiment of the present invention,
holes, for example, circular holes, dog-bone-like holes, or
circular holes and dog-bone-like holes, may be formed 1n a
sheet steel blank 1 the same machine or die system that
stamps the blank 1nto a beam and collars holes 1n the beam
or sheet metal product.

In yet another possible embodiment of the present
invention, at least a part of the sheet metal product or sheet
metal blank may be heated.

In still another possible embodiment of the present
invention, at least a part of the sheet metal product or sheet
metal blank may be hardened.

One feature of the 1invention resides broadly 1n a method
of producing a sheet metal product from sheet steel using a
die system, said method comprising the steps of: forming a
sheet metal blank from sheet steel to form a sheet metal
product; forming at least one hole 1n the sheet metal blank,
of a predetermined size and configuration, for at least one
collared hole to be formed 1n the sheet metal blank; moving
the sheet metal blank to at least one stamping machine
having a pair of dies configured to stamp the sheet metal
blank and form the sheet metal product; stopping the sheet
metal blank between the pair of dies configured to hold the
sheet metal blank and configured to collar holes 1n the sheet
metal blank; stamping the sheet metal blank; collaring the at
least one hole 1n the sheet metal blank; forming the sheet
metal product; and holding the formed sheet metal product
between the pair of dies configured to form the sheet metal
product to harden the sheet metal product.

Another feature of the invention resides broadly 1n a
method of producing a sheet metal product from sheet steel
using a die system, said method comprising the steps of:
forming a sheet metal blank from sheet steel to form a sheet
metal product; forming at least one hole in the sheet metal
blank, of a predetermined size and configuration, for at least
one collared hole to be formed in the sheet metal blank;
heating the sheet metal blank; moving the sheet metal blank
to at least one stamping machine having a pair of dies
coniigured to stamp the sheet metal blank and form the sheet
metal product; stopping the sheet metal blank between the
pair of dies configured to hold the sheet metal blank and
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configured to collar holes 1n the sheet metal blank; stamping
the heated sheet metal blank; collaring the at least one hole
in the heated sheet metal blank to produce the sheet metal
product; forming the sheet metal product; and holding the
formed sheet metal product for a predetermined period of
time between the pair of dies configured to form the sheet
metal product to harden the sheet metal product.

Yet another feature of the mnvention resides broadly 1n the
method of producing a hardened sheet steel product 1n a
press hardening process in which a blank 1s hot stamped and
the stamped product 11 1s hardened while remaining in the
pair of stamping tools, characterized in that holes 12, 13 are

collared in the product 11 when the product 1s 1n the tools 20,
21.

Still another feature of the invention resides broadly 1n the
method characterized 1n that the holes 12, 13 are collared by
means of mandrels 18, 23 that are fixed with the movable
one 21 of the pair of tools.

A further feature of the invention resides broadly in the
method characterized in that the holes are collared by means
of mandrels 18, 22 that are axially movable in one of the
tools of the pair of tools 20, 21.

Another feature of the invention resides broadly in the
method according to any one of the preceding tools, char-
acterized 1n that at least one longish hole 13 1s collared to
have parallel collared sides 1n order to have narrow tolerance
in one direction only.

Yet another feature of the mnvention resides broadly 1n the
method characterized 1 that a dog-bone-like hole 13 1is
made 1n the blank and the central part of the hole 1s bent to
a collar.

Still another feature of the invention resides broadly 1n the
method characterized 1n that a circular hole 12 and a longish
hole 13 are collared 1nto a circular guiding hole 19 and a
longish guiding hole 13, and the longish guiding hole 1is
directed substantially along a radius from the circular guid-
ing hole.

A further feature of the invention resides broadly 1n a
method in which a sheet steel blank (11) is hot stamped and
rapidly cooled in a pair of cooled tools (20, 21) in a process
usually called press hardening. The blank has holes (12, 13)
that are collared by means of mandrels 1n connection with
the forming. The collaring 1s carried out in unhardened
material, but the collars harden directly when formed. In this
way, holes with very narrow tolerances can be achieved.
Such holes 1n a bumper beam can be used for guiding the
bumper beam during the mounting thereof on a vehicle.

Some examples of steel and steel products that may be
used 1n at least one possible embodiment of the present
invention may be found in the following U.S. Pat. No.
5,841,046, 1ssued to inventors Rhodes et al. on Nov. 24,
1998:; U.S. Pat. No. 5,839,549, 1ssued to inventor Tack, Jr. on
Nov. 24, 1998; U.S. Pat. No. 5,824,264, 1ssued to inventors
Uno et al. on Oct. 20, 1998; U.S. Pat. No. 5,753,177, 1ssued
to mventors Morinaga et al. on May 19, 1998; U.S. Pat. No.
5,749,981, 1ssued to inventors Tonteling et al. on May 12,
1998&:; U.S. Pat. No. 5,672,216, 1ssued to inventor Robic on
Sep. 30, 1997; U.S. Pat. No. 5,669,992, 1ssued to inventors
Bronsema et al. on Sep. 23, 1997; U.S. Pat. No. 5,626,817,
1ssued to mventors Sawaragi et al. on May 6, 1997; U.S. Pat.

No. 5,571,343, 1ssued to mventors Ryoo et al. on Nov. 3,
1996; U.S. Pat. No. 5,565,044, 1ssued to inventors Kim et al.

on Oct. 15, 1996; U.S. Pat. No. 5,556,483, 1ssued to 1inven-
tors Tahara et al. on Sep. 17, 1996; U.S. Pat. No. 5,554,233,
1ssued to inventors Heitmann et al. on Sep. 10, 1996; U.S.

Pat. No. 5,543,109, 1ssued to inventors Senba et al. on Aug.
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6, 1996; U.S. Pat. No. 5,509,977, 1ssued to inventors Yano
et al. on Apr. 23, 1996; U.S. Pat. No. 5,470,529, 1ssued to
mventors Nomura et al. on Nov. 28, 1995; U.S. Pat. No.
5,362,439, 1ssued to inventors Bletton et al. on Nov. &, 1994;
U.S. Pat. No. 5,328,529, 1ssued to inventors Cordea et al. on
Jul. 12, 1994; U.S. Pat. No. 5,293,766, 1ssued to inventor
Chang on Mar. 15, 1994; U.S. Pat. No. 5,277,048, 1ssued to
mventor Lubas on Jan. 11, 1994; U.S. Pat. No. 5,228,177,
1ssued to mventors Herzog et al. on Jul. 20, 1993; U.S. Pat.
No. 4,849,169, 1ssued to inventors Maziasz et al. on Jul. 18,
1989; U.S. Pat. No. 4,830,686, 1ssued to inventors Hashigu-
chi et al. on May 16, 1989; U.S. Pat. No. 4,822,556, 1ssued
to mventors Cordea et al. on Apr. 18, 1989; U.S. Pat. No.
4,584,035, 1ssued to inventors Arai et al. on Apr. 22, 1986;
U.S. Pat. No. 4,568,387, 1ssued to mventor Ziemianski on
Feb. 4, 1986; U.S. Pat. No. 4,528,046, 1ssued to inventors
Yamamoto et al. on Jul. 9, 1985; U.S. Pat. No. 4,502,886,
1ssued to inventors Cordea et al. on Mar. 5, 1985; U.S. Pat.
No. 4,444 588, 1ssued to inventor Ney, Sr. on Apr. 24, 1984;
U.S. Pat. No. 4,394,169, 1ssued to inventors Kaneko et al. on
Jul. 19, 1983; and U.S. Pat. No. 4,139,240, 1ssued to
mventors Profio et al. on Feb. 13, 1979.

Some examples of bumper beams that may be used 1n at

least one possible embodiment of the present invention may
be found 1n the following U.S. Pat. No. 5,672,216, 1ssued to

inventor Robic on Sep. 30, 1997; U.S. Pat. No. 5,669,992,
issued to inventors Bronsema et al. on Sep. 23, 1997; U.S.
Pat. No. 5,566,874, 1ssued to inventor Sturrus on Oct. 22,
1996; and U.S. Pat. No. 4,830,686, 1ssued to inventors
Hashiguchi et al. on May 16, 1989.

Some examples of dies, die systems, punching means,
stamping machines, collaring machines, and mandrels that
may be used in at least one possible embodiment of the

present 1nvention may be found in the following U.S. Pat.
No. 5,687,604, 1ssued to inventor Robbins on Nov. 18, 1997;

U.S. Pat. No. 5,672,216, 1ssued to mventor Robic on Sep.
30, 1997; U.S. Pat. No. 5,613,416, 1ssued to inventor Fujita
on Mar. 25, 1997; U.S. Pat. No. 5,600,992, i1ssued to
mventors Kanazawa et al. on Feb. 11, 1997; U.S. Pat. No.
5,566,874, 1ssued to imnventor Sturrus on Oct. 22, 1996; U.S.
Pat. No. 5,526,852, 1ssued to inventor Rakovski on Jun. 18,
1996; U.S. Pat. No. 5,228,177, 1ssued to inventors Herzog et
al. on Jul. 20, 1993; U.S. Pat. No. 5,164,205, 1ssued to
mventor Aimono on Nov. 17,1992; U.S. Pat. No. 5,016,461,
1ssued to mventors Walker et al. on May 21, 1991; U.S. Pat.
No. 5,009,095, 1ssued to mventor Voss on Apr. 23, 1991;
U.S. Pat. No. 5,007,275, 1ssued to inventor Voss on Apr. 16,
1991; U.S. Pat. No. 5,000,068, 1ssued to mnventor Knabel on
Mar. 19, 1991; U.S. Pat. No. 4,852,382, 1ssued to inventors
Gietz et al. on Aug. 1, 1989; U.S. Pat. No. 4,836,009, 1ssued
to inventor Schulte on Jun. 6, 1989; U.S. Pat. No. 4,827,758,
issued to mventor Schulte on May 9, 1989; U.S. Pat. No.
4,586,248, 1ssued to mventor Ho on May 6, 1986; U.S. Pat.
No. 4,568,387, 1ssued to inventor Ziemianski on Feb. 4,
1986; U.S. Pat. No. 4,545,272, 1ssued to mventor Herb on
Oct. &8, 1985; U.S. Pat. No. 4,471,643, 1ssued to 1inventors
Champoux et al. on Sep. 18, 1984; U.S. Pat. No. 4,406,199,
1ssued to mventor Rom on Sep. 27, 1983; U.S. Pat. No.
4,356,719, 1ssued to inventors Sutherland et al. on Nov. 2,
1982; U.S. Pat. No. 4,307,599, 1ssued to inventor Wrona on
Dec. 29, 1981; U.S. Pat. No. 4,296,301, 1ssued to inventor
Johnson on Oct. 20, 1981; U.S. Pat. No. 4,275,652, 1ssued
to inventor Bo on Jun. 30, 1981; U.S. Pat. No. 4,226,109,
1ssued to inventor Nilsson on Oct. 7, 1980; U.S. Pat. No.
4,168,644, 1ssued to inventors Leibinger et al. on Sep. 25,
1979; U.S. Pat. No. 4,159,676, 1ssued to 1inventors Joyce et
al. on Jul. 3, 1979; U.S. Pat. No. 4,147,492, 1ssued to
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inventors Thiel et al. on Apr. 3, 1979; U.S. Pat. No. 4,132,
097, 1ssued to inventor Ames on Jan. 2, 1979; U.S. Pat. No.
4,129,028, 1ssued to inventors Leftheris et al. on Dec. 12,
1978; U.S. Pat. No. 4,129,022, 1ssued to inventors Thonnes
et al. on Dec. 12, 1978; U.S. Pat. No. 4,103,637, 1ssued to
inventor Luc on Aug. 1, 1978; U.S. Pat. No. 4,103,414,
1ssued to mventors Herb et al. on Aug. 1, 1978; and U.S. Pat.
No. 3,973,426, 1ssued to inventors Fujita et al. on Aug. 10,
1976.

The components disclosed 1n the various publications,
disclosed or incorporated by reference herein, may be used
in the embodiments of the present invention, as well as
equivalents thereof.

The appended drawings in their enftirety, including all
dimensions, proportions and/or shapes in at least one
embodiment of the invention, are accurate and to scale and
are hereby included by reference into this specification.

All, or substantially all, of the components and methods
of the various embodiments may be used with at least one
embodiment or all of the embodiments, 1f more than one
embodiment 1s described herein.

All of the patents, patent applications and publications
recited herein, and 1n the Declaration attached hereto, are
hereby mcorporated by reference as if set forth 1n their
entirety herein.

The corresponding foreign and international patent pub-
lication applications, namely, Swedish Patent Application
No. 9702878-1, filed on Aug. 7, 1997, having inventor
Martin Jonsson, and International Application No. PCT/
SE98/01354, filed on Jul. 9, 1998, having an International
Publication Date of Feb. 18, 1999, and having International
Publication Number WO 99/07492, as well as their pub-
lished equivalents, and other equivalents or corresponding
applications, if any, 1n corresponding cases 1n Sweden and
clsewhere, and the references cited in any of the documents
cited herein, are hereby incorporated by reference as 1if set
forth 1n their enfirety herein.

The details 1n the patents, patent applications and publi-
cations may be considered to be incorporable, at Applicant’s
option, 1nto the claims during prosecution as further limita-
tions 1n the claims to patentably distinguish any amended
claims from any applied prior art.

Although only a few exemplary embodiments of this
invention have been described 1n detail above, those skilled
in the art will readily appreciate that many modifications are
possible 1n the exemplary embodiments without materially
departing from the novel teachings and advantages of this
invention. Accordingly, all such modifications are intended
to be 1included within the scope of this invention as defined
in the following claims. In the claims, means-plus-function
clauses are intended to cover the structures described herein
as performing the recited function and not only structural
equivalents but also equivalent structures.

The mvention as described hereinabove 1n the context of
the preferred embodiments 1s not to be taken as limited to all
of the provided details thereof, since modifications and
variations thereof may be made without departing from the
spirit and scope of the 1nvention.

What 1s claimed is:

1. A method of producing a motor vehicle bumper beam
from sheet steel using a progressive die system, said method
comprising the steps of:

forming a sheet metal blank from sheet steel to form a
bumper beam;

punching, with a plurality of punches, a plurality of holes
in the sheet metal blank, of a predetermined size and
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configuration, for a plurality of collared holes to be
formed 1n the sheet metal blank;

moving the sheet metal blank to at least one stamping
machine having a pair of dies configured to stamp the
sheet metal blank and form a motor vehicle bumper
beam;

placing the sheet metal blank between the pair of dies
coniligured to hold the sheet metal blank and configured
to collar holes 1 the sheet metal blank;

stamping the sheet metal blank;
collaring the plurality of holes in the sheet metal blank
and forming the motor vehicle bumper beam; and

holding the formed motor vehicle bumper beam for a
predetermined period of time between the pair of dies
coniligured to form the motor vehicle bumper beam.

2. The method according to claim 1, wherein:

said pair of dies configured to hold the sheet metal blank
comprises a movable die and a stationary die;

said stationary die comprises at least one mandrel;

said at least one mandrel 1s configured to be disposed to
collar said plurality of holes 1n the sheet metal blank;
and

said step of collaring 1s accomplished using said at least
one mandrel.
3. The method according to claim 1, wherein:

said pair of dies configured to hold the sheet metal blank
comprises a movable die and a stationary die;

said stationary die comprises at least one mandrel;

said at least one mandrel 1s configured to be disposed to
collar said plurality of holes 1n the sheet metal blank;

said at least one mandrel has a longitudinal axis;

said at least one mandrel 1s configured to be disposed to
move along said longitudinal axis 1n one of said pair of
dies configured to hold the sheet metal blank; and

said step of collaring 1s accomplished using said at least
one mandrel.
4. The method according to claim 2, wherein:

said plurality of holes comprises at least one non-circular
hole, said at least non-circular hole comprising a length
and a width;

said length of said at least one non-circular hole 1s
substantially greater than said width of said at least one
non-circular hole;

said step of collaring comprises collaring said at least one
non-circular hole to form parallel collared sides;

said parallel collared sides comprise a first parallel col-
lared side and a second parallel collared side; and

said collaring said at least one non-circular hole com-
prises collaring to minimize tolerance deviations from
said first parallel collared side to said second parallel
collared side.

5. The method according to claim 3, wherein:

said plurality of holes comprises at least one non-circular
hole, said at least one non-circular hole comprising a
length and a width;

said length of said at least one non-circular hole 1s
substantially greater than said width of said at least one
non-circular hole;

said step of collaring comprises collaring said at least one
non-circular hole to form parallel collared sides;

said parallel collared sides comprise a first parallel col-
lared side and a second parallel collared side; and

said collaring said at least one non-circular hole com-
prises collaring to minimize tolerance deviations from
said first parallel collared side to said second parallel
collared side.
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6. The method according to claim 4, wherein said parallel
collared sides are collared by bending said parallel collared
sides generally away from the center of said at least one
non-circular hole.

7. The method according to claim 5, wherein said parallel
collared sides are collared by bending said parallel collared
sides generally away from the center of said at least one
non-circular hole.

8. The method according to claim 6, wherein:

said plurality of holes further comprises at least one
substantially circular hole;

said step of collaring further comprises:

collaring said at least one non-circular hole to form at
least one first guiding hole, said at least one first
ouiding hole bemng configured to guide the motor
vehicle bumper beam onto a motor vehicle; and

collaring said at least one substantially circular hole to
form at least one second guiding hole, said at least
one second guiding hole being configured to guide
the motor vehicle bumper beam onto a motor
vehicle;

said at least one first guiding hole comprises a length and
a width;

said length of said at least one first guiding hole 1s
substantially greater than said width of said at least one
first guiding hole;

said at least one second guiding hole has a radius; and

said length of said at least one first guiding hole 1s
disposed to lie on said radius of said at least one second
ouiding hole.

9. The method according to claim 7, wherein:

said plurality of holes further comprises at least one
substantially circular hole;

said step of collaring further comprises:

collaring said at least one non-circular hole to form at
least one first guiding hole, said at least one first
ouiding hole being configured to guide the motor
vehicle bumper beam onto a motor vehicle; and

collaring said at least one substantially circular hole to
form at least one second guiding hole, said at least
one second guiding hole being configured to guide
the motor vehicle bumper beam onto a motor
vehicle;

said at least one first guiding hole comprises a length and
a width;

said length of said at least one first guiding hole 1s
substantially greater than said width of said at least one
first guiding hole;

said at least one second guiding hole has a radius; and

said length of said at least one first guiding hole 1s
disposed to lie on said radius of said at least one second
oguiding hole.

10. A method of producing a bumper beam for a motor

vehicle from sheet steel using a die system, said method
comprising the steps of:

forming a sheet metal blank from sheet steel;

forming at least one hole in the sheet metal blank, of a
predetermined size and configuration, for at least one
collared hole to be formed 1n the sheet metal blank;

moving the sheet metal blank to at least one stamping
machine having a pair of dies configured to stamp the
sheet metal blank;

stopping the sheet metal blank between the pair of dies
configured to hold the sheet metal blank and configured
to collar holes 1n the sheet metal blank;
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stamping the sheet metal blank, thus forming the bumper
beam;

collaring the at least one hole 1n the sheet metal blank; and

holding the formed bumper beam between the pair of dies
to cool and harden the bumper beam.

11. The method according to claim 10, wherein:

said pair of dies configured to hold the sheet metal blank
comprises a movable die and a stationary die;

one of said movable die and said stationary die comprises
at least one mandrel;

said at least one mandrel 1s configured to be disposed to
collar said at least one hole 1n the sheet metal blank;
and

said step of collaring 1s accomplished using said at least
one mandrel.
12. The method according to claim 10, wherein:

said pair of dies configured to hold the sheet metal blank
comprises a movable die and a stationary die;

one of said movable die and said stationary die comprises
at least one mandrel;

said at least one mandrel 1s configured to be disposed to
collar said at least one hole in the sheet metal blank;

said at least one mandrel has a longitudinal axis;

said at least one mandrel 1s configured to be disposed to
move along said longitudinal axis in one of said pair of
dies configured to hold the sheet metal blank; and

said step of collaring 1s accomplished using said at least
one mandrel.
13. The method according to claim 11, wherein:

said at least one hole comprises at least one non-circular
hole, said at least one non-circular hole comprising a
length and a width;

said length of said at least one non-circular hole 1s
substantially greater than said width of said at least one
non-circular hole 1s substantially greater than said
width;

said step of collaring comprises collaring said at least one
non-circular hole to form parallel collared sides;

said parallel collared sides comprise a first parallel col-
lared side and a second parallel collared side;

said collaring said at least one non-circular hole com-
prises collaring to minimize tolerance deviations from
said first parallel collared side to said second parallel
collared side;

said parallel collared sides are collared by bending said
parallel collared sides generally away from the center
of said at least one non-circular hole;

said at least one hole further comprises at least one
substantially circular hole;

said step of collaring further comprises:

collaring said at least one non-circular hole to form at
least one first guiding hole, said at least one first
cuiding hole being configured to be disposed to
oguide the sheet metal product onto a solid structure;
and

collaring said at least one substantially circular hole to
form at least one second guiding hole, said at least
one second guiding hole being configured to be
disposed to guide the sheet metal product onto a
solid structure;

said at least one first guiding hole comprises a length and
a width;

said length of said at least one first guiding hole 1s
substantially greater than said width of said at least one
first guiding hole;

10

15

20

25

30

35

40

45

50

55

60

65

14

said at least one second guiding hole has a radius; and

said length of said at least one first guiding hole 1s
disposed to lie on said radius of said at least one second
oguiding hole.

14. The method according to claim 12, wherein:

said at least one hole comprises at least one non-circular

hole, said at least one non-circular hole comprising a
length and a width;

said length of said at least one non-circular hole 1s
substantially greater than said width of said at least one
non-circular hole;

said step of collaring comprises collaring said at least one
non-circular hole to form parallel collared sides;

said parallel collared sides comprise a first parallel col-
lared side and a second parallel collared side;

said collaring said at least one non-circular hole com-
prises collaring to minimize tolerance deviations from
said first parallel collared side to said second parallel
collared side;

said parallel collared sides are collared by bending said
parallel collared sides generally away from the center
of said at least one non-circular hole;

said at least one hole further comprises at least one
substantially circular hole;

said step of collaring further comprises:

collaring said at least one non-circular hole to form at
least one first guiding hole, said at least one first
ouiding hole being configured to be disposed to
oguide the sheet metal product onto a solid structure;
and

collaring said at least one substantially circular hole to
form at least one second guiding hole, said at least
one second guiding hole being configured to be
disposed to guide the sheet metal product onto a
solid structure;

said at least one first guiding hole comprises a length and
a width;

said length of said at least one first guiding hole 1s
substantially greater than said width of said at least one

first guiding hole;
said at least one second guiding hole has a radius; and

sald length of said at least one first guiding hole 1s
disposed to lie on said radius of said at least one second
ouiding hole.

15. A method of producing a sheet metal product from

sheet steel using a die system, said method comprising the
steps of:

forming a sheet metal blank from sheet steel to form a
sheet metal product;

forming at least one hole in the sheet metal blank, of a
predetermined size and configuration, for at least one
collared hole to be formed 1n the sheet metal blank;

heating the sheet metal blank;

moving the sheet metal blank to at least one stamping
machine having a pair of dies configured to stamp the
sheet metal blank and form the sheet metal product;

stopping the sheet metal blank between the pair of dies
coniigured to hold the sheet metal blank and configured

to collar holes 1n the sheet metal blank;
stamping the heated sheet metal blank;

collaring the at least one hole in the heated sheet metal
blank to produce the sheet metal product;

forming the sheet metal product; and



US 6,293,134 Bl

15

holding the formed sheet metal product for a predeter-
mined period of time between the pair of dies config-
ured to form the sheet metal product to harden the sheet

metal product.
16. The method according to claim 15, wherein:

said pair of dies configured to hold the sheet metal blank
comprises a movable die and a stationary die;

said stationary die comprises at least one mandrel;

said at least one mandrel 1s configured to be disposed to

collar said at least one hole 1in the heated sheet metal
blank; and

said step of collaring 1s accomplished using said at least
one mandrel.
17. The method according to claim 15, wherein:

said pair of dies configured to hold the sheet metal blank
comprises a movable die and a stationary die;

said stationary die comprises at least one mandrel;

said at least one mandrel 1s configured to be disposed to
collar said at least one hole in the heated sheet metal

blank;
said at least one mandrel has a longitudinal axis;

said at least one mandrel 1s configured to be disposed to
move along said longitudinal axis in one of said pair of
dies configured to hold the sheet metal blank; and

said step of collaring 1s accomplished using said at least
one mandrel.
18. The method according to claim 16, wherein:

said at least one hole comprises at least one non-circular
hole, said at least one non-circular hole comprising a
length and a width;

said length of said at least one non-circular hole 1s
substantially greater than said width of said at least one
non-circular hole 1s substantially greater than said
width;

said step of collaring comprises collaring said at least one
non-circular hole to form parallel collared sides;

said parallel collared sides comprise a first parallel col-
lared side and a second parallel collared side;

said collaring said at least one non-circular hole com-
prises collaring to minimize tolerance deviations from
said first parallel collared side to said second parallel
collared side;

said parallel collared sides are collared by bending said
parallel collared sides generally away from the center
of said at least one non-circular hole;

said at least one hole further comprises at least one
substantially circular hole;

said step of collaring further comprises:

collaring said at least one non-circular hole to form at
least one {first guiding hole, said at least one first
ouiding hole being configured to be disposed to
oguide the sheet metal product onto a solid structure;
and

collaring said at least one substantially circular hole to
form at least one second guiding hole, said at least
one second guiding hole being configured to be
disposed to guide the sheet metal product onto a
solid structure;

said at least one first guiding hole comprises a length and
a width;

said length of said at least one first guiding hole 1s
substantially greater than said width of said at least one
first guiding hole;
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said at least one second guiding hole has a radius; and

sald length of said at least one first guiding hole 1s
disposed to lie on said radius of said at least one second
oguiding hole.

19. The method according to claim 17, wherein:

said at least one hole comprises at least one non-circular

hole, said at least one non-circular hole comprising a
length and a width;

said length of said at least one non-circular hole 1s
substantially greater than said width of said at least one
noncircular hole;

said step of collaring comprises collaring said at least one
non-circular hole to form parallel collared sides;

said parallel collared sides comprise a first parallel col-
lared side and a second parallel collared side;

said collaring said at least one non-circular hole com-
prises collaring to minimize tolerance deviations from
said first parallel collared side to said second parallel
collared side;

said parallel collared sides are collared by bending said
parallel collared sides generally away from the center
of said at least one non-circular hole;

said at least one hole further comprises at least one
substantially circular hole;

said step of collaring further comprises:

collaring said at least one non-circular hole to form at
least one first guiding hole, said at least one first
ouiding hole being configured to be disposed to
oguide the sheet metal product onto a solid structure;
and

collaring said at least one substantially circular hole to
form at least one second guiding hole, said at least
one second guiding hole being configured to be
disposed to guide the sheet metal product onto a
solid structure;

said at least one first guiding hole comprises a length and
a width;

said length of said at least one first guiding hole 1s
substantially greater than said width of said at least one
first guiding hole;

said at least one second guiding hole has a radius; and

said length of said at least one first guiding hole 1s
disposed to lie on said radius of said at least one second
ouiding hole;

said parallel collared sides comprise a first parallel col-
lared side and a second parallel collared side;

said collaring said at least one non-circular hole to have
parallel collared sides 1s accomplished such as to
minimize tolerance deviations from said first parallel
collared side to said second parallel collared side;

said parallel collared sides are collared by bending said
parallel collared sides generally toward the center of
sald at least one non-circular hole;

said at least one hole comprises at least one substantially
circular hole;

said step of collaring further comprises:

collaring said at least one non-circular hole 1nto at least
one first guiding hole, said at least one first guiding
hole being configured to be disposed to guide the
sheet metal product onto a solid structure; and

collaring said at least one substantially circular hole
into at least one second guiding hole, said at least one
second guiding hole being configured to be disposed
to guide the sheet metal product onto a solid struc-
ture;
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said at least one first guiding hole comprises a length;

said at least one second guiding hole comprises a radius;
and

said length of said at least one first guiding hole 1s
disposed to lie on said radius of said at least one second
oguiding hole.
20. A method of producing a motor vehicle bumper beam
from sheet steel using a progressive die system, said method
comprising the steps of:

forming a sheet metal blank from sheet steel;

punching, with a plurality of punches, a plurality of holes
in the sheet metal blank, of a predetermined size and
conflguration, for a plurality of collared holes to be
formed 1n the sheet metal blank;

heating the sheet metal blank;
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moving the sheet metal blank to at least one stamping
machine having a pair of dies configured to stamp the
sheet metal blank to form a motor vehicle bumper
beam;

placing the sheet metal blank between the pair of dies
coniligured to hold the sheet metal blank and configured
to collar holes 1n the sheet metal blank;

stamping the sheet metal blank;

collaring the plurality of holes 1n the sheet metal blank
and forming the motor vehicle bumper beam; and

holding the formed motor vehicle bumper beam for a
predetermined period of time between the pair of dies
to cool and harden the formed motor vehicle bumper
beam.
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